Abstract: Lack of water resources in Iran, especially in recent years, has faced the agricultural sector as the most important consumer of water resources, with serious challenges. In Iran, the agricultural sector accounted for more than 90% of water consumption. However, the focus on domestic production and self-sufficiency policy in staples (wheat, barley, maize and rice) has been emphasized in general agriculture's policy. This study was conducted to estimate the imported virtual water from the imports of basic products in Iran using defined indicators during 1961-2013. Also this study investigated the possibility of achieving self-sufficiency due to the limited water resources in Iran. The results of this study showed with the increase in cereal imports, virtual water imports from 0.28 billion cubic meters in 1961 increased to 17.6 billion cubic meters in 2013 and on average about 60% of virtual water imports in strategic products is related to wheat imports during the past 53 years. Other products in cereal (barley, maize and rice) are also indicative of the general trend of increasing imports of virtual water in development plans. The estimated long-run elasticity of virtual water imports in the cereal group compared with the country's water resources also showed that with a one percent reduction in renewable water resources of the country, the virtual water import in the main cereal group will increase equivalent to 2.89 percent and the determination coefficient more than 90 percent also confirms this negative relationship. According to this result and the emphasis on the fact that renewable water resources per capita in the country is falling increasingly, it cannot be expected that domestic production could compensate for the imports of the cereal group and virtual water imports with current technology, without increasing the water productivity and without additional harm to water resources.
Introduction
With shortage of freshwater resources in the world, a topic which has been of concern about the impact of trade different products on the use of water resources in recent years, was water trading that is referred to as virtual water trade (VW) [1, 22] . By definition, virtual water is the amount of water a commodity or a product of agricultural uses in the production process to reach the stage of development and its value is equal to the total water used in the different stages of the production chain from start to finish [1, 6] . In this definition, virtual attribute implies that most of the water consumed in the production process does not have a physical presence in the final product and in fact, at the end, a tiny fraction of the water used will be remained as real water in product texture. The important thing is that the virtual attribute is not meant to be unreal. It should be stated explicitly that virtual water is quite real water [2] . Virtual water trade is an essential tool and standard in calculating national actual water use. During the last 40 years, trade in virtual water has been rising steadily. In fact, 67 percent of world trade in virtual water is associated with global trade in crops and 23 percent of livestock products and related products and only 10 per cent belongs to industrial production [6] . Due to worsening water crisis in many countries, the issue of virtual water trade in planning and trade policy-making in agricultural products is of great importance, especially in countries with arid and semi-arid conditions [2, 11] . Paradoxically, Iran's structure in the agricultural sector is that, the country is faced with limited water resources and the agriculture sector is accused mainly for the indiscriminate use of water resources with the current products on the one hand and in the second paragraph of agricultural policies issued in the year 2011, "Food security by relying on internal resources and attaining self-sufficiency in the production of basic products" were emphasized on the other hand. In fact, self-sufficiency does not mean dependence on imports and the goal is supply the country's domestic need by domestic production. However, one must consider that in the current situation, achieving the self-sufficiency would be realistic to what extent. The studies conducted in Iran were mainly regional and large studies such as those that have been investigated in the present study have no much history. On a global scale, the results by Fraiture et al. (2004) showed that in 1995, the sum of all imports included 215 million tons of cereal, which in the case of lack of cereal imports, importing countries were forced to spend 433 cubic kilometers of their effective precipitation (rainfall plus irrigation) and 178 cubic kilometers of irrigation water from local water sources [5] . The study by Chapagain, et al. (2005) showed that the total amount of water required in importing countries was 1605 Gm y -1 , if all imported agricultural products were produced inside the country. In the exporting countries, however these products are produced only with 1253 Gm y -1 which make saving of 352 Gm y -1 of water [3] . Silva et al. (2016) in a study in Brazil, have determined national water footprint of food consumption in Brazil, linking the virtual water trade in goods with the main agricultural, water shortages, water sufficiency and dependence of water in each region of Brazil. Their results showed that the average water footprint of food consumption in Brazil was 1619 per year per person [9] . In a study by Serrano et al. (2016) , it demonstrated that the total per capita water footprint was 2.280 m³ for EU consisting mainly of green water that has been removed in conventional calculations of water. The use of blue and gray water in the European water policy only includes 32% of the total water footprint. They have also found that Europeans accounted for 585 cubic kilometers of virtual water or about 28 percent of global virtual water trade flow in 2009 [8] .
Due to the limited water resources in Iran and Iranian macro targeting for self-sufficiency in staples (wheat, barley, maize and rice), this study seeks to answer the question: whether the current domestic production could be considered as a reliable strategy for the replacement of imports and lack of national import dependency in the long run or not?
Materials and Methods
This study conducted an economic analysis of virtual imports for cereal group (as the most important country's import basket) during the period 1961 to 2013, an analysis of various development plans and its relation to country's water resources. The average amount of virtual water, a product (in this study crop) could be proportionally calculated from the average water requirement to the average yield of the product [10] :
(1) . The average cereal yield was calculated using a weighted average for the whole country.
Virtual water trade for each product of cereal including import is calculated by multiplying the quantitative amount of import or export of the product in the related virtual water: 
VWI TVWI
In equation (3), j TVWI is the total import of virtual water in year j, M is the number of products imported from the cereal group. Thus, the contribution of each product of cereal will be calculated from the following formula: VWI , are the imported virtual water for wheat, barley, maize and rice, respectively. Next, we consider the amount of imported virtual water in Iran for any of the products in cereal (wheat, barley, maize and rice) during the period 1961-2013 and the total amount of imported virtual water for the cereal group in the same period as well as the share of each product will be estimated. This analysis is separately presented according to different development plans and finally the relationship between water resources restrictions and the imported virtual water is discussed. The information contained in this study have been extracted from Food and Agricultural Organization (FAO) [4] for cereal imports during the period 1961-2013 and report on water resources in the organization.
Results
Results of the survey and estimate the amount of virtual water imports products from cereal group over the past 53 years shows that the main contribution has been associated virtual water import wheat imports to the country. So on average about 60% of virtual water imports in strategic goods related to import wheat during the past 53 years. As the results of this table shows, imports of virtual water has been rising in all four major cereal product. In the case of wheat, wheat selfsufficiency by the year 2004 and the beginning of the celebration, the virtual water imports were reduced and the process went on for years, But the lack of real self-sufficiency in wheat production and lack of attention to efficiency in the production of this product, Imports of wheat and consequently the virtual water import continued again. In the case of barley, imported the greatest volatility and consequently the maximum swing virtual water import happened during the past 53 years. Finally in 2013, the import of virtual water import wheat, rice, corn and barley were respectively 8.02, 3.65, 4.89 and 1.09 billion cubic meters. If the performance of five-year development plans in Iran to be investigated, it is known that on the average, the highest virtual water imports belonged to wheat equivalent to 26.8 billion cubic meters during the second development plan and it is clear that due to a temporary increase in wheat production, the amount of virtual water imports declined during this period in the fourth development plan and reached about 3.9 billion cubic meters. However, with the lack of continuity of wheat self-sufficiency, virtual water imports have again increased significantly and increased to more than 6 billion cubic meters during the first three years of the fifth development plan. As can be seen, the highest virtual water import fluctuations occurred in the fourth development plan and is indicative of the lack of stability in production and imported strategy of wheat and then, the process is also continued during the three years of the fifth development plan and virtual water import fluctuations are remarkable in it. As it is shown in Table 3 , the highest imported virtual water from barley import has been realized during the during the three years of the fifth development plan amounted to about 1.5 billion cubic meters, whereas the lowest virtual water import fluctuation from barely occurred during this period. The highest imported virtual water fluctuation regarding the import of this crop was also occurred during the second development plan and also in the same year, with lower imports of barley, the lowest virtual water import from the barley also occurred. Regarding the maize, as shown in table 4, the virtual water import of maize imports in the country has been quite rising during different development plans, so that in the first development plan, on average 1.26 billion cubic meters of virtual water import was due to maize import and, this figure has been increased by more than 5 billion cubic meters during the fifth development plan.
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Meanwhile, the lowest fluctuation in the virtual water imports of maize imports has also been achieved in the same year and the highest fluctuation in the virtual water imports of maize imports also occurred during the third development plan. The results in table 5 show that regarding the rice, on average, the highest virtual water imports have been realized during the three years of the fifth development plan more than 4.2 billion cubic meters and generally, on average, the ascending trend in the rice virtual water import is completely obvious in various development plans. Additionally, the highest virtual water import fluctuation occurred in the fifth development plan. As indicated in Table 6 , the total imports of virtual water has been rising in the main cereal during the years 1961 to 2013. As in 1961, the total import of virtual water in imported wheat, barley, maize and rice was equivalent to 0.28% billion cubic meters, but the amount of virtual water imports was reached to 17.65 billion cubic meters in 2013. This figure was the highest amount of virtual water import from the main cereal group import over the past 53 years.
Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 June 2017 doi:10.20944/preprints201706.0045.v1 Now the main question is whether cereal group imports with the current situation can be controlled and domestic production can be replaced with it? To better answer this question, it is necessary to examine the country's renewable sources per capita over the past years. In Table 7 , the renewable water resources per capita was extracted with cubic meters during the period of 5 years from 1963 after FAO report (2016) [4] . As Table 7 shows, renewable water resources per capita is equivalent to 5026 cubic meters in the period 1963 to 1967, that this figure was reduced to 1779 cubic meters in the period 2008 to 2012. The estimate of long-run elasticity for the relationship between renewable water resources per capita and the virtual water import for cereal also showed that with a one percent reduction in the country's renewable water resources, the import of virtual water in the main group cereal will be increased equivalent to 2.89 percent. But there is a very noticeable point in Figure 1 . The relationship between renewable water resources per capita and the virtual water import for cereal group was negative and the determination coefficient of 90 percent confirms the negative correlation identified. Due to this negative relationship and also given that the renewable water resources per capita in the country is increasingly falling, it cannot be expected that domestic production could compensate for the imports of the cereal group and virtual water imports with current technology and without additional harm to water resources. In fact, according to the results of this study, the major cereal group imports is equivalent to more than 17.65 billion cubic meters of virtual water imports in 2013. Given that the current state of the agricultural sector has always been faced with serious challenges and it is demonstrated that this sector consumes about 80 billion cubic meters of water resources, so how can we hope to replace Replacement of imports with domestic production is not practically feasible without achieving production efficiency and productivity, especially without access to water and improving irrigation efficiency in various sectors of agriculture. If we insist on doing it, it will lead to loss of water resources and creates a critical situation in the future of country's water resources. With the loss of the country's water resources, not also all economic sectors will be practically affected, but also the agricultural sector will face a considerable drop in production and the need to import. So if we follow import purposes according to the plan, it could be helpful in the transition period in which the country seeks to build infrastructure to improve efficiency in domestic production, and after the improvement of productivity in the transition period, we can hope for targeted replacement of imports with domestic production.
Conclusions
As the results of this study in different parts showed, import of basic goods in Iran has always been increased with the virtual water import in periods of limited water resources. In fact, the agricultural sector in Iran has been accused of excessive water consumption and 90 percent of water resources are used in this section. However, according to general agricultural policies issued in 2012, achieving self-sufficiency and focus on domestic products have been considered as an important goal. Iranian MPs have also required the government to provide food security as well as attain selfsufficiency in basic agricultural products, livestock and aquatic to 95 percent by the end of 2021. But the fact is that with the current trend of water use in agriculture, there is no possibility of increasing the annual consumption more than 17 billion cubic meters of water in excess of current expenditure in the agricultural sector (according to the estimates of virtual water in 2013). Therefore, before the adoption of any policy aimed at achieving self-sufficiency in basic products, it is necessary to provide the necessary infrastructure in order to increase productivity and water resources efficiency. Without improving the productivity and efficiency of water resources in the current situation, achieving the goals of self-sufficiency not only will lead to further crisis of water resources, but also self-sufficiency goals will not be achieved. As a result, with the increased water resource crisis, agricultural production will be confronted with serious harm and in the long term, the country will need to import even more than before and self-sufficiency coefficients will also be reduced. The policy recommendation is that before any hasty adoption of the goals of self-sufficiency programs in agriculture, critical infrastructure should be developed by a group of specialists and experts and the necessary requirements should be provided in order to prevent conflict in the country's policy objectives.
